Ammonium-and Fe(II)-rich fluid flows, known from deep-sea hydrothermal systems, have been extensively studied in the last decades and are considered as sites with high microbial diversity and activity. Their shallow-submarine counterparts, despite their easier accessibility, have so far been under-investigated, and as a consequence, much less is known about microbial communities inhabiting these ecosystems. A field of shallow expulsion of hydrothermal fluids has been discovered at depths of 170-400 meters off the base of the Basiluzzo Islet (Aeolian Volcanic Archipelago, Southern Tyrrhenian Sea). This area consists predominantly of both actively diffusing and inactive 1-3 meters-high structures in the form of vertical pinnacles, steeples and mounds covered by a thick orange to brown crust deposits hosting rich benthic fauna. Integrated morphological, mineralogical, and geochemical analyses revealed that, above all, these crusts are formed by ferrihydritetype Fe 3+ oxyhydroxides. Two cruises in 2013 allowed us to monitor and sampled this novel ecosystem, certainly interesting in terms of shallow-water iron-rich site. The main objective of this work was to characterize the composition of extant communities of iron microbial mats in relation to the environmental setting and the observed patterns of macrofaunal colonization. We demonstrated that iron-rich deposits contain complex and stratified microbial communities with a high proportion of prokaryotes akin to ammonium-and iron-oxidizing chemoautotrophs, belonging to Thaumarchaeota, Nitrospira, and Zetaproteobacteria. Colonizers of iron-rich mounds, while composed of the common macrobenthic grazers, predators, filter-feeders, and tube-dwellers with no representatives of vent endemic fauna, differed from the surrounding populations. Thus, it is very likely that reduced electron donors (Fe 2+ and NH 4 + ) are important energy sources in supporting primary production in microbial mats, which form a habitat-specific trophic base of the whole Basiluzzo hydrothermal ecosystem, including macrobenthic fauna.
energy derived from inorganic redox reactions between electron do- and thus sustaining chemosynthetically driven ecosystems (Berg et al., 2010; Hügler & Sievert, 2011; Smedile, Messina, La Cono, & Yakimov, 2014) . It is well known that chemosynthetic ecosystems are widely distributed on our planet, spanning from terrestrial acid mines and hot springs to deep subsurface, subseafloor aquifers, cold seeps, deep-sea anoxic lakes, and submarine hydrothermal systems. The last of these habitats represents in many ways an excellent natural laboratory for the exploration of how energy landscapes shape communities of organisms thriving in these otherwise extreme environments. The best examples are deep-sea hydrothermal vent fields, initially found in the late 1970s (Corliss, Dymond, Gordon, & Edmond, 1979) . Currently, over 600 such hydrothermal fields have been found in various areas, mainly on mid-ocean ridges, arc volcanoes, back-arc basins, and hot spot volcanoes (http://www.interridge.org/irvents/). In contrast to the deep-sea vents, situated in the deep and dark part of the ocean, the shallow ones are exposed to solar irradiation. Light availability permits an existence of complex ecosystems based on primary production activity of both photo-and chemolithoautotrophs, and thus, shallow vents represent unique intermediate sites, which can serve as suitable models for various studies including climate change, ocean warming, and ocean acidification (Gugliandolo et al., 2015; Hirayama et al., 2007; Manini et al., 2008; Tarasov, 2006) . Nevertheless, it is surprising to note that despite their much easier accessibility and presumably ubiquitous distribution all over the world, shallow vents have been currently under-investigated, compared to their deep-sea counterparts.
The hydrogen and sulfide-diffusing submarine hydrothermal fields are typically inhabited by micro-organisms capable of using these compounds as electron donors. This is consistent with the high energetic potential of hydrogen-and HS − -oxidation reactions under physicochemical conditions in these habitats. Another type of chemosynthetic microbial ecosystems occurs in ferrous iron-rich submarine vents and is based on Fe(II)-oxidation Emerson & Moyer, 2002; Emerson et al., 2007; Kato, Kobayashi, Kakegawa, & Yamagishi, 2009a; Kato et al., 2009b Kato et al., , 2012 . Initially, these vents were found 1,100-1,325 m below the surface on the summit of the Loihi Seamount, a shield volcano that is part of the Hawaiian archipelago (Emerson & Moyer, 2002) . The vent fluids were enriched by CO 2 (up to 17 mM) and Fe(II) (up to 268 μM), but there was a general paucity of H 2 S. Most of the vents are surrounded by microbial mats that had a gelatinous texture and were heavily encrusted with rustcolored Fe oxides. Before these studies, the biologically mediated oxidation of ferrous to ferric iron in the ocean was greatly underestimated. This was mainly due to the fact that this conversion proceeds abiotically extremely rapidly in typically well-oxygenated and slightly alkaline marine environments. As calculated elsewhere (Hedrich, Schlömann, & Johnson, 2011) , at circumneutral pH values, the spontaneous (abiotic) rate of Fe 2+ oxidation in an oxygen-saturated solution containing 100 mg/L ferrous iron is 8.4 mg/min, while at pH 2.0, the corresponding rate is 10 10 times slower (8.4 × 10 −7 μg/min). Oxidation rates of the same hypothetical solution (pH 7.0, 100 mg/L ferrous iron) are much slower under micro-aerophilic conditions. For example, at 6% of oxygen saturation (which corresponds to 0.5 mg/L), this process is almost 20-fold slower (0.47 mg/min) (Johnson, Tadayoshi, & Herdich, 2012) . Thus, exploitation of ferrous iron as an important energetic resource is much more efficient in acidic and oxygen-depleted environments. However, even under such favorable conditions, this low energy-yielding oxidative process can be used by autotrophic prokaryotes only when ferrous iron is present in a great excess. It has been estimated that to fix one mole of CO 2 , the chemolithoautotrophic acidophile Acidithiobacillus ferrooxidans oxidizes about 70 moles of ferrous iron (Kelly, 1978) . At circumneutral pH values, the ferrous carbonate/ ferric hydroxide couple redox potential is sufficiently low to allow other compounds alternative to oxygen, such as nitrate or nitrite, to be used as electron acceptors (Hedrich et al., 2011) . Additionally, iron oxidation at pH ~7.0 can also be coupled to photosynthesis by anoxygenic phototrophic bacteria (Widdel et al., 1993 was estimated at 3 × 10 11 mol/year (Kato et al., 2012) .
Hosting numerous active vents and other hydrothermal formations, such as black smokers (Manini et al., 2008) and hot brine pools (Gugliandolo et al., 2015) , the shallow hydrothermal vents located close to Panarea Island (Aeolian Volcanic Archipelago, Southern
Tyrrhenian Sea), is likely the most diverse active submarine hydrothermal system within the Mediterranean Sea. Despite the fact that this area has been extensively studied since the mid-1990s (Dando, Stüben, & Varnavas, 1999; Dando et al., 2000; Maugeri et al., 2009; Stüben, Sedwick, & Colantoni, 1996) , it remains not fully explored. A novel discovery occurred while studying the high-gradient eastern slope of Basiluzzo Islet (NE of Panarea Island). The vast area of hydrothermal massive Fe-oxyhydroxide deposits was found Gamberi et al., 1998; . This area, located at depths ranging between 170 and 400 m, houses numerous, up to 2-3 m in height, diffuse ferruginous seeping structures (DFS) in the form of vertical pinnacles, mounds, and flanges, usually top-tapered. These structures were very friable, composed of unconsolidated sedimentary material. DFS were lacking an axial conduit, spares, and beehive structure, that typify actively venting chimneys (Tivey, 2007) . Additionally, no bubbling or shimmering water was visible. Further extensive geological studies suggested a ferruginous hydrothermal seeping origin of these formations (Petersen, Monecke, Hannington, & Cherkashov, 2011; Savelli, Marani, & Gamberi, 1999) .
In this study, for the first time we investigated the prokaryotic and macrobenthic communities inhabiting the Basilluzzo DFS structures, which were sampled in the twilight zone at the depths of 175-220 m.
We characterized the community structure of microbial mats recov- 
| MATERIALS AND METHODS

| Bathymetric surveys and sediment sampling
During two research cruises conducted in June and November 2013, the volcanic complex was mapped using a EM2040 multibeam echosounder (Kongsberg Maritime AS, Norway), including backscatter analysis, to provide detailed seabed information and to assist the scenario of the remotely operated vehicle (ROV) surveys. High-resolution on-board on-line magnetometry and gravimetry were also used to lo- S1 ) and characterized by occurrence of a vigorous gas and fluid emissions (Price et al., 2015) . Aliquots of the mat samples were collected in cryotubes for microscopic examination and in 50-ml plastic vials for molecular analysis. Additionally, Fe-rich mat subsamples (0.5 g each) were directly inoculated into 120-ml serum bottles F I G U R E 1 Location of the Island Panarea and the Basiluzzo submarine hydrothermal field. High-resolution swath bathymetry map of the Basiluzzo Fe-rich hydrothermal field depicting the location of diffuse ferrous-seeping structures evidenced by black dots. DFS1 and DFS2 hydrothermal structures were identified and photographed by ROV surveys, then sampled, and analyzed in this study [Colour figure can be viewed at wileyonlinelibrary.com] previously filled with minimal medium for cultivation of iron-oxidizing chemolithotrophs (Emerson & Floyd, 2005) . The rest of samples were stored in sterile plastic bags at −20°C for future analyses. Pouchou and Pichoir (1990) .
| Scanning electron microscopy
| X-ray powder diffraction
The X-ray powder diffraction analyses (XRPD) were performed using a Bruker D8 ADVANCE diffractometer with Cu K-alpha radiation on a Bragg-Brentano theta-theta goniometer, equipped with a 
| X-ray fluorescence spectrometry
The elemental composition was performed by X-ray fluorescence (XRF) spectrometry to determine the bulk-sediment chemistry of the rocks in terms of major, minor and trace elements by the method WDXRF with Bruker model S8 Tiger setup. The excitation source was a tube of Rh at 4 kW. To avoid the detector saturation, power and current intensity were changed according to the analyzed element and its quantity. The concentrations of the major and minor elements have been calculated through the use of the software package GEO-QUANT M. For the calculation of the trace elements, however, the software GEO-QUANT T, a simple solution for the determination of these elements in geological materials, was used. The latter is a precalibrated and standardized method by the manufacturer, installed in the instrument present in the laboratory. This method was validated using two standard samples GBW07103 and GBW07406.
| DNA extraction, 16S rDNA PCR and clone library analysis and sequencing
Before proceeding with DNA isolation, the DFS and DCS samples were centrifuged (9.5 g, 5 min) to eliminate excessive seawater. DNA was further extracted from approximately 10 g of material using the UltraClean Mega Soil DNA Kit (Mo BIO, Carlsbad, CA, USA), following the manufacturer's instructions. The quantity and purity of the nucleic acids were estimated using the NanoDrop ® ND-1000
Spectrophotometer ( Table S2 and annealing conditions used through this analysis are described somewhere (Swan, Ehrhardt, Reifel, Moreno, & Valentine, 2010) . Published assays for the quantification of the 16S rRNA gene copy numbers of Archaea (Takai & Horikoshi, 2000) and Bacteria (Nadkarni, Martin, Jacques, & Hunter, 2002) were applied. 16S rRNA gene copy numbers were converted to cell numbers using conversion factors of 1.5 for Archaea and 4.1 for Bacteria, as previously done (Schippers et al., 2005 ).
| Sequence analysis and phylogenetic tree construction
To check sequences for possible chimeric origin, Pintail software (Ashelford, Chuzhanova, Fry, Jones, & Weightman, 2006) was used.
16S rRNA gene sequences were identified with BLAST (Altschul et al., 1997 ) aligned using the SILVA alignment tool and manually checked with ARB (Pruesse et al., 2007) . The phylogenetic tree based on distance analysis for 16S rRNA genes was generated using the neighborjoining algorithm and Jukes-Cantor distance matrix of ARB program package. To assign a confidence level to the trees topology, 1,000 bootstrap resamplings were performed. As described elsewhere (La Cono et al., 2013) , cutoff of 97% of sequence identity was used for statistical analyses in each 16S rRNA gene library to define phylotypes or operational taxonomic units (OTUs) by means of software program Dotur (Schloss & Handelsman, 2005) . PAST software version 2.17c PCA was applied on relative abundance matrix of the all prokaryotic
OTUs, detected at different sampling points; HCA was obtained using
Bray-Curtis similarity resemblance applied on the same matrix used for PCA.
| Enumeration of macrobenthic colonists
The macrobenthic colonizers of DFS hydrothermal structures were collected during ROV surveys, fixed with ethanol (90% vol / vol), sorted, and identified via microscopy. Additionally, the active CO 2 − seeping sites together with adjacent habitats with no apparent hydrothermal expulsion (black sulfide deposits and flat dark brown Fe-rich crusts)
were sampled in nearby area (Fig. S1 ). To access the potential differences in the macrobenthic assemblages, a multivariate analysis of variance (PERMANOVA) was performed on species abundance. Data were transformed to presence/absence and analyzed on the basis of a Sorensen similarity index using 4,999 permutations. Pairwise comparisons were computed when significant differences (p < .05) among factor levels were detected. Additionally, nonparametric multidimensional scaling (nMDS) and hierarchical cluster analysis were used to test the similarity of species composition of macrobenthic communities, associated with the different habitats.
| Nucleotide sequence accession numbers
The sequences representing the OTUs reported in this paper have been submitted and are available through GenBank under accession numbers KX524526-KX524601 for bacterial and KX524602-KX524673 for archaeal clones, respectively.
| RESULTS AND DISCUSSION
| Geological setting of the Basiluzzo islet and features of the investigated hydrothermal field
The islet of Basiluzzo belongs to the Panarea volcanic complex (Aeolian Island Archipelago, Tyrrhenian Sea, Central Mediterranean), which also includes Panarea Island and the surroundings islets ( Figure 1 and 
| Structural, mineralogical, and geochemical characterization of the DFS samples
The DFS fragments were analyzed through SEM-EDS to define microtexture and mineral compositions. Additionally, XRPD and XRF analyses were, respectively, applied to identify mineral phases and to constrain the bulk chemistry in terms of major and trace elements.
DFS samples showed reddish-orange to brown homogeneous appearance with porous-clotted texture and were very fragile ( (Edwards, McCollom, Konishi, & Buseck, 2003; Edwards et al., 2011; Kilias et al., 2013; Li et al., 2012; Peng et al., 2010; Toner et al., 2013) .
| DFS prokaryotic communities are habitatspecific
The microbial community structures in Basiluzzo submarine hydrothermal samples (DFS1-3 and DCS) were investigated using cultureindependent molecular methods based on 16S rRNA gene clone (Table S1 ), indicating that the majority of dominant prokaryotic members in all subsamples were recovered.
F I G U R E 2 SEM-SE micrographs of hydrothermal DFS2 precipitates with fragile morphology: A) external surface of DFS2 structure; B) internal structure of DFS sample with overview of amorphous ferrihydrite-type (characterized by XRPD) phase morphologies, including clustered microspheres and globular aggregates of various sizes (1-10 μm) grouped in straight, curved, and branching filaments, which form intertwined structures. XRPD pattern of DFS2 precipitates showing peaks (gray bars and squares) of Fe-oxyhydroxides (C)
(a) (b) (c)
The rarefaction curves for the bacterial and archaeal libraries did not reach the plateau stage (Fig. S3) and Chao-1 richness estimates were greater (up to 2.8-fold) than the number of observed OTUs at a 97% sequence identity level, both indicating the presence of more rare prokaryotic species in the subsamples. As reflected by the high values of Simpson, Shannon and Chao-1 indices, the highest and lowest grades of diversity were correspondingly observed in archaeal libraries DCSA and DFS1A. We found that bacterial communities exhibited more homogenous structure without an evident dominance of a singular OTU (Table S1 ). To compare microbial community compositions between the iron-rich mat samples (DFS) and diffuse CO 2 − and sulfide seeping sediments (DCS), we performed principal coordinate analysis (PCA). The PCA showed that the CO 2 − seepage DCS prokaryotic community was clearly distant from those of iron-rich DFS (Figure 3) , which was consistent with the geochemical differences between these hydrothermal sites (Price et al., 2015) . Remarkably, the prokaryotic community of oxygen-depleted DFS3 sample (internal part of iron-rich deposits core) differed from those of superficial DSF1 and DFS2 samples. This difference could reflect the influence of oxidizing/ reducing conditions on structure of microbial communities and their stratification. Phylogenetic tree and detection frequencies of these major phyla and proteobacterial classes are shown in Figure 4 and Fig. S4 (Kilias et al., 2013) .
| Structure of eubacterial communities in the DFS and DCS samples
Values compared of Fe and FeO(OH) equivalent are in bold.
T A B L E 1 Short description and average content in ppm (mg/kg) of major ions in iron-rich vent samples from the Basiluzzo hydrothermal field with the geochemical data, the lack of reduced sulfur intermediates in DFS samples significantly affected the occurrence of sulfur-oxidizing members of the Epsilonproteobacteria, typically predominant in the sulfide-rich hydrothermal ecosystems (Giovannelli, d'Errico, Manini, Yakimov, & Vetriani, 2013; Kato et al., 2010 Kato et al., , 2015 Price et al., 2015; Sylvan, Toner, & Edwards, 2012; Sylvan et al., 2013) . Indeed, none of these organisms were found to be present within all three DFS1-3 libraries. Noteworthy, the Epsilonproteobacteria-related clones were also lacking in DCS streamers library, indirectly indicating that this CO 2 − venting site was likely impoverished by H 2 S at the time of sampling, as was described by Capaccioni, Tassi, Vaselli, Tedesco, and Poreda (2007) .
With regard to the Basiluzzo DFS mounds, they were covered by thick Fe-oxyhydroxide-rich microbial mats, and in which we expected to find the signatures of iron-oxidizing micro-organisms. Similar to neutrophilic Fe-oxidizing bacteria of Loihi seamount hydrothermal vents, these organisms are likely to play a pivotal role in the productivity of Basiluzzo ecosystem. As mentioned above, bacteria capable of the dissimilatory oxidation of iron at circum-neutral pH can be subdivided into three main physiological groups (Hedrich et al., 2011) Similar to other iron-rich microbial mats and low-temperature hydrothermal iron-rich precipitates (Edwards et al., 2003 Li et al., 2012; Toner et al., 2013) , the most dominant phyla observed in DFS1
and DSF2 libraries (34% and 40%, respectively) were not related to obligate iron-oxidizing bacterial groups and were closely affiliated to various uncultured Planctomycetes lineages (Figure 4 and Fig. S4 ).
Noteworthy, shallow-water pockmarks of the Middle Adriatic Ridge host a microbial community, dominated by similar lineages (Giovannelli et al., 2016) . DFS3 library also contains Planctomycetes-related clones (12%), 86% of which belong to uncultured bacteria, recovered from low-temperature diffuse vents at the South West Indian Ridge (GenBank accession number JN860338; Fig. S4 ). Although we are aware about restriction of physiological interpretation of 16S rRNA genes, it is noteworthy, that some representatives of the phylum Planctomycetes are capable of chemoautotrophic growth fueled by nitrate-dependent oxidation of ferrous iron and by anaerobic oxidation of ammonium with nitrite as electron acceptor (Kartal et al., 2007; Oshiki et al., 2013) . To verify the potential availability of these sources of energy, we analyzed the presence of dissolved inorganic nitrogen . This process, termed nitrification, involves two separate steps: the initial oxidation of ammonia to nitrite followed by the oxidation of nitrite to nitrate. Typically, it requires the activity of two distinct groups of organisms: ammonia-oxidizing micro-organisms (AOMs, including bacteria and archaea) and nitrite-oxidizing bacteria (NOB). The representatives of both groups were found on the surface of iron-rich DFS1 and DFS2 microbial mats. Besides ammoniumoxidizing archaea, more than 16% of DFS1 clones were distantly related to marine nitrifying bacteria Nitrosococcus and Nitrospira (Fig   S4 and S5) .
It is generally accepted that community structures correspond well with their habitat types and the differences in the habitat conditions impose the changes in the abundance of phylotypes (Kato et al., 2012 (Kato et al., , 2015 Toner et al., 2013 ). As we mentioned above, according to the PCA, the abundant phylotypes in the DFS3 library were different from those of superficial layers of DFS1 and DFS2 of microbial iron hydroxide mats (Figure 3 ). Due to the reduced conditions in the anoxic inner space of iron-oxyhydroxide mounds, the DFS3 bacterial community mainly consisted of organisms from three "anaerobic" taxa: Deltaproteobacteria, Defferibacteres, and candidate phylum OP8. Their members, combined, accounted for two-third (23%, 23%, and 20%, respectively) of all bacterial clones analyzed. As observed in Fig. S5 , most of DFS3 Deltaproteobacteia clones (53.5%) belonged to SEEP-SRB1 group. This group of sulfate-reducing bacteria was initially described as a bacterial partner of anaerobic methanotrophs of the ANME-2 clade (Schreiber, Holler, Knittel, Meyerdierks, & Amann, 2010) . Recently, SEEP-SRB1 members were found in deepsea brine lakes of Red Sea and in the low-temperature sulfide-and (Röling, 2014) . Noteworthy, the Deltaproteobacteria was also observed in both DFS1 and DFS2 libraries; however, this group was represented almost exclusively by mesophilic heterotrophic aerobic myxobacteria of the family Sorangineae (Fig. S5) . Members of Deferribacteres, with nearly a quarter of all the DFS3 clones analyzed, represent a typical component of deep ocean and subseafloor bacterial communities (Garrity & Holt, 2001; Orcutt, Sylvan, Knab, & Edwards, 2011 (Alauzet & JumasBilak, 2014; Takaki et al., 2010) . Elevated presence of the latter two interspecies in DFS3 could support activity and thus eventual importance of Deferribacteres in nitrogen and iron cycling at the iron-and ammonium-rich Basiluzzo vents. As indicated above, the physiology of the recovered phylotypes cannot be determined from their phylogeny, but only inferred from the closest cultured species. Recent studies suggested a prevalent anaerobic/facultative mode of mesophilic heterotrophic metabolism within the Aminicenantes (candidate phylum OP8) (Farag, Davis, Youssef, & Elshahed, 2014; Rinke et al., 2013) .
Following these findings, a high abundance of the Aminicenantes, detected only in oxygen-depleted samples DFS3 (20%) and DCS (27%), corroborate with their environmental settings.
| Structure of archaeal communities in the DFS and DCS samples
In contrast to some Fe-rich hydrothermal sediments of submarine volcanoes, where repeated PCR attempts with universal archaeal primers yielded no product (Forget et al., 2010) , the archaeal 16S rRNA genes were detected in all the Basiluzzo samples analyzed. Moreover, the relative archaeal abundance as a function of total amount of 16S rRNA genes was estimated by qPCR. Archaeal abundance varied from 40.5%
to 26.6% in DFS samples and encountered for one-fifth (18.8%) of total recovered 16S rRNA genes in DCS sample ( Figure 4 and Table S2 ).
Phylogenetic analysis of archaeal clone libraries revealed that they were affiliated to seven major phyla. Among all 52 detected OTUs, Basiluzzo OTUs were closely related to clones previously retrieved from deep-sea environments including sediments, mud volcanoes, submarine brine lakes / seawater interfaces, hydrothermal vents, and Fe-rich mats. Similar structure of archaeal community, dominated by members of MGI, was observed in Adriatic twilight pockmarks, enriched by hydrocarbons and ammonium (up to 180 μmol/L) (Giovannelli et al., 2016) . Of note is that all currently cultivated representative members of the MGI are either aerobic or microaerophilic chemolithoautotrophic ammonium-oxidizing organisms (Stieglmeier, Alves, & Schleper, 2014) .
In accordance with these metabolic constraints, thaumarchaeal assem- Castelle et al., 2015) and MHVG were the second and the third dominant groups, observed both in iron-rich microbial mats and in CO 2 -sulfide streamers. The MHVG Archaea were originally detected at hydrothermal vent sites near Japan (clone pMC2A15; Takai & Horikoshi, 1999) and were defined as a phylogenetic lineage after finding closely related phylotypes in cold sediments in the Okhotsk Sea (Inagaki et al., 2003) . As this genomically unexplored lineage has so far only been detected in a few studies, its biogeographical distribution, habitat, and metabolic preferences remain poorly understood (Spang et al., 2013; Teske & Sørensen, 2008) . Opposite to the MGI group of Thaumarchaeota, fraction of Woesearchaeota significantly increased in presumptive anaerobic libraries (from 12% in DFS2 to 54%-59% of all DFS3 and DCS archaeal clones). As the MHVG, Woesearchaeota was originally defined by Takai and Horikoshi (1999) as a hydrothermal vent lineage, although currently most sequences available in SILVA database are widely distributed in saline aquatic environments both marine or inland waters, mainly in microbial mats, sediments, plankton and hydrothermal vents, followed by hot springs and freshwater, and very few in soils (Ortiz-Alvarez & Casamayor, 2016) . Single-cell genome reconstruction of Woesearchaeota members (Castelle et al., 2015) showed their small genome sizes and limited metabolic capabilities. They lack important metabolic pathways, suggesting that these archaea may have a symbiotic or parasitic lifestyle. In this study, we observed relative abundances of Woesearchaeota positively correlated with bacterial phylogenetic diversity. Thus, a larger than expected range of distinct archaeal populations is present in Fe(II)-and ammonium-rich diffuse vents of Basiluzzo hydrothermal field. Which are the mechanisms of interaction between archaea and the remaining planktonic organisms is something that remains to be disclosed still.
| Habitat-specific macrobenthic DFS communities
Evidence that the Basiluzzo hydrothermal ecosystem represents a site of habitat-specific biodiversity was confirmed by analysis of macrobenthic communities, associated with different types of active hydrothermal flows (CO 2 and sulfide emissions, diffuse ferrous vents) and with the sites of past hydrothermal evidences (inactive Fe-rich crusts and sulfide deposits). Although all sites were inhabited by common subset of grazers, filter-feeders, and tube-dweller organisms, they were dominated by different species (Table S3) . These benthic assemblages are characterized by exceptional population density, which is likely supported by the increased availability of organic matter due to elevated microbial productivity. Pairwise comparisons and nMDS biplot showed that macrobenthic communities, apart from the DFS-associated assemblages, showed at least 40% of similarity, while Fe-rich crust and sulfide deposits sites exhibit 50% of similarity ( Figure 5 ). Among a total of 13 macrofaunal species, living on the DFS surfaces (Table S4) , the most commonly found organisms were the amphipods Stenothoe elachista followed by the caprellids Phtisica marina.
Of all sites studied at the Basiluzzo seafloor, rare carnivorous sponges Asbestopluma hypogea (family Cladorhizidae) were found only in the DFS-associated assemblages. Noteworthy, cladorhizid sponges are frequently detected in close proximity to deep vent systems, where they occur in greater number and diversity (Erickson, Macko, & Van Dover, 2009; Vacelet, 2006) . Possessing the capability of capturing small crustaceans for their nutrition, these demosponges obviously do not belong to true vent-associated fauna, which directly benefits from vent effluent. Noteworthy, they are known to carry prokaryotic endosymbionts, likely involved in chitin hydrolysis (Dupont, Carre-Mlouka, Domart-Coulon, Vacelet, & Bourguet-Kondracki, 2014; Vacelet, 2006; Vacelet & Boury-Esnault, 1996) .
Altogether, we can conclude that the DFS-associated assemblages, while differed significantly from the others assemblages observed in the study area, are composed of a subset of the standard macrobenthic organisms (grazers, filter-feeders, tube-dwellers, predators, etc.) with no representatives of vent endemic fauna. According to Tarasov (2006) , typical hydrothermal vent communities dominated by vent endemic species are found only at depth > 200 mbsl. These communities are usually sustained by the organic matter derived mainly from the energy-rich chemosynthetic transformation of sulfide and hydrogen, driven by endosymbiotic prokaryotes. Iron and ammonium oxidation are low energy-gaining processes and cannot support this form of direct mutualistic relationships between prokaryotes and higher organisms. Nonetheless, the benthic assemblages, associated with iron-and ammonium-rich diffuse vents, are likely flourishing on increased availability of organic matter due to elevated microbial productivity.
| CONCLUSION
We conclude that Basiluzzo's unique geodynamic setting is balanced by mixing of oxygenated seawater and anoxic ferrous iron-rich hydrothermal flows which causes massive precipitation of amorphous and DFS2 are characterized by similar environmental settings. They both host very similar microbial communities, dominated by various chemolithotrophic prokaryotes, highly specialized on iron (II) and ammonium oxidation. In contrast to the recent studies on microbial diversity in Fe-oxidizing marine samples (Forget et al., 2010; Hodges & Olson, 2009; Kilias et al., 2013) , the simultaneous presence of neu- 
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